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(54) ELECTRON EMISSION ELEMENT AND IMAGE-FORMING DEVICE USING SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve breakdown voltage of 
an electron emission element which can emit electron stably 
and with high efficiency and to improve degree of freedom in 
designing film thickness of a porous silicone layer. 
SOLUTION: It is an electron emission element which emits 
electron into the atmosphere by electron emitting phenomenon 
from a semiconductor. The surface 1a of a substrate 1 is 
processed to form a convex portion 1 1 which is framed in by an 
insulating thin film 3 with an opening 6 arranged in a selected 
part of it. The porous silicone layer 4 is formed by oxidization 
from the opening 6. 
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CLAIMS 



[Claim(s)] 

[Claim 1]It is an electron emission element which makes electrons emit into the 
atmosphere by an electron emission phenomenon from a semiconductor, An electron 
emission element, wherein it is processed into a convex configuration which the 
surface of a substrate equipped with heights, these heights are surrounded with a 
dielectric film, this dielectric film has the structure where an opening is provided in a 
portion as which said heights were chosen and a porous silicon layer is formed by 
oxidation from this opening. 

[Claim 2]The electron emission element according to claim 1, wherein said porous 
silicon layer is formed by anodization from silicon or polysilicon on said surface of an 
opening. 

[Claim 3]Said substrate. [ whether said polysilicon is processed into a convex 
configuration in a silicon substrate which ** silicon surface is processed into a convex 
configuration, or polysilicon deposited on ** surface, and ] Or the electron emission 
element according to claim 2 using that by which said polysilicon is processed into a 
convex configuration in a substrate which a rear electrode and polysilicon deposited 
on ** insulating substrate. 

[Claim 4]The electron emission element according to any one of claims 1 to 3 which is 
filling a>b1 and a<=c when a level difference of b1 and said heights is set to c for 
distance of a porous silicon layer covered in thickness of said porous silicon layer with 
said dielectric film from edge of a and said opening to edge of said heights. 
[Claim 5] When a level difference of b1 and said heights is set to c for distance of a 
porous silicon layer covered in thickness of said porous silicon layer with said 
dielectric film from edge of a and said opening to edge of said heights, The electron 
emission element according to any one of claims 1 to 3 which is filling b1=axsin45" 
and a<=c. 

[Claim 6]When an angle of a side attachment wall of b1 and said heights and the 
surface 1a of said substrate 1 to make is set to thetad for distance of a porous silicon 
layer covered in thickness of said porous silicon layer with said dielectric film from 
edge of a and said opening to edge of said heights, a>=b1, thetad = the electron 
emission element according to any one of claims 1 to 4 which is filling 60 degrees - 90 
degrees of abbreviation. 

[Claim 7]The electron emission element according to any one of claims 1 to 6 which 



said dielectric film becomes from polymer resin. 

[Claim 8]The electron emission element according to any one of claims 1 to 6 in which 
said dielectric film is silicon oxide, a silicon nitride film, a silicon oxidation nitride, or a 
tantalum oxide film. 

[Claim 9]An image forming device using the electron emission element according to 
claim 1 to 8 as an electrifying device. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the electron emission element used as 
an electrifying device of image forming devices, such as a copying machine, a printer, 
and a facsimile. 
[0002] 

[Description of the Prior Art]Generally in the image forming device of 
electrophotographying systems, such as a regular paper reproducing unit using 
electrophotographic technology, a facsimile, and a printer, the corotron electrifying 
device and the scorotron electrifying device are used. These electrifying devices were 
electrifying the photo conductor in non-contact using corona discharge, were 
excellent in electrifying stability, and were the mainstream of the electrifying system. 
However, a corona-electrical-charging method has many yields of ozone or NOx, and 
the contact electrifying system charged in a photo conductor is examined by these 
days by impressing voltage to a contact electrification machine and contacting this to 
a photo conductor. 

[0003] For example, the roller electrifying system is indicated by JP,5-88507,A, a braid 
electrifying system is indicated by JP,6-324552,A, and the brush electrifying system 
is indicated by JP,2-62563,A. While especially these contact electrifying systems can 
be charged in a photo conductor by the low voltage rather than the 
corona-electrical-charging method which electrifies a photo conductor in 
non-contact, the yield of ozone also has about 1 of a corona-electrical-charging 
method / 100 to 1/500, and a decreasing advantage. 
[0004] 

[Problem(s) to be Solved by the Invention]However, in a contact electrifying system, 
the problem of the crack by the contact to a charge body or dirt may occur. When a 



pinhole exists in the charge body surface, in order that an electric field may 
concentrate on a pinhole, the fault that a white omission, a black line, etc. occur in a 
picture arises. 

[0005]Then, these people have already proposed the electrification unit using the 
electron emission element which consists of a semiconductor provided with the 
porous silicon layer which such fault does not produce, and the electrophotography 
device using this (for example, refer to the application-for-patent No. 07651 1 [ 2000 
to ] specification.). 

[0006]However, for having big influence on electron emission efficiency, and this 
reason, the thickness of a porous silicon layer needs to design the ideal anodization 
depth. In order to acquire fixed element current (Ips), element voltage (Vps) is applied, 
and also [ required ] there was a case where pressure-proofing of an element had to 
be secured, fault occurred depending on the shape of an electron emission element, 
and it became impossible to desire a free design. 

[0007]Then, the purpose of this invention is to raise the flexibility of a design of the 
improvement in resisting pressure of an electric charge emission element, and the 
thickness of a porous silicon layer which it is stabilized, is efficient and can emit 
electrons. 
[0008] 

[Means for Solving the Problem]In order to solve a problem, the invention according to 
claim 1, It is an electron emission element which makes electrons emit into the 
atmosphere by an electron emission phenomenon from a semiconductor, It is 
processed into a convex configuration which a substrate face equipped with heights, 
these heights are surrounded with a dielectric film, this dielectric film has the 
structure where an opening is provided in a portion as which said heights were chosen, 
and it is an electron emission element, wherein a porous silicon layer is formed by 
oxidation from this opening. 

[0009]The invention according to claim 2 is the electron emission element according 
to claim 1, wherein said porous silicon layer is formed by anodization from silicon or 
polysilicon on said surface of an opening. 

[0010]The invention according to claim 3 said substrate. [ whether ** silicon surface 
is processed into a convex configuration, and ] **. [ whether said polysilicon is 
processed into a convex configuration in a silicon substrate which polysilicon 
deposited on the surface, and ] Or it is the electron emission element according to 
claim 2 using that by which said polysilicon is processed into a convex configuration in 
a substrate which a rear electrode and polysilicon deposited on ** insulating 



substrate. 

[0011]When the invention according to claim 4 sets a level difference of b1 and said 
heights to c for distance of a porous silicon layer covered in thickness of said porous 
silicon layer with said dielectric film from edge of a and said opening to edge of said 
heights, It is the electron emission element according to any one of claims 1 to 3 
which is filling a>b1 and a<=c. 

[0012]When the invention according to claim 5 sets a level difference of b1 and said 
heights to c for distance of a porous silicon layer covered in thickness of said porous 
silicon layer with said dielectric film from edge of a and said opening to edge of said 
heights, It is the electron emission element according to any one of claims 1 to 3 
which is filling b1=axsin45" and a<=c. 

[0013]When the invention according to claim 6 sets an angle of a side attachment wall 
of b1 and said heights, and the surface 1a of said substrate 1 to make to thetad for 
distance of a porous silicon layer covered in thickness of said porous silicon layer with 
said dielectric film from edge of a and said opening to edge of said heights, a>=b1, 
thetad = it is the electron emission element according to any one of claims 1 to 4 
which is filling 60 degrees - 90 degrees of abbreviation. 

[0014]The invention according to claim 7 is the electron emission element according 
to claim 1 to 6 which a dielectric film becomes from polymer resin. 
[0015]The invention according to claim 8 is the electron emission element according 
to claim 1 to 6 which a dielectric film becomes from silicon oxide, a silicon nitride film, 
a silicon oxidation nitride, or a tantalum oxide film. 

[0016]The invention according to claim 9 is the image forming device which used the 
electron emission element according to claim 1 to 8 as an electrifying device. 
[0017] 

[Embodiment of tha Invention]It explains referring to the drawing which used the 

example about the concrete embodiment of this invention hereafter. 

[0018] 

[Work example 1] Drawing 1 is an explanatory view for explaining an example of the 
electron emission element concerning an embodiment of the invention. 
[0019]First, as shown in drawing 1 (a), the rear electrode 2 is formed in the rear face 
of the substrate 1 formed from the semiconductor (Si), for example, low resistance 
silicon. It has the heights 1 1 provided with the level difference of the heights which are 
processed into the surface 1a side of this substrate 1 by convex, and are shown with 
the numerals c. These surface 1a and heights 1 1 are masked with the dielectric film 3, 
and the opening 6 is formed in the portion as which this dielectric film 3 was chosen. 



Since this opening 6 serves as a window (window for anodization) for anodizing, it is 
produced by the suitable design. 

[0020]Silicon oxidizes through this opening 6, and as shown in drawing 1 (b) t the 
porous silicon layer 4 which has the optimal depth (thickness a) is formed. 
Subsequently, as shown in drawing 1 (c), the thin film electrode 5 is formed in this 
opening 6, and an electron emission element is formed. 

[0021]As such oxidation, rapid thermal oxidation (RTOiRapid Thermal Oxidation) and 
oxidation by the chemical method are illustrated. The anodization which used the rear 
electrode 2 as the anode is illustrated as a desirable method. The porous silicon layer 
4 provided with the fine structure by which the semiconductor layer and the insulation 
layer were laminated by oxidizing in this way is formed. 

[0022]It uses the rear electrode 2 as an anode by using a platinum electrode as a 
negative electrode, using for example, HF (hydrogen fluoride)/ethanol mixture as an 
electrolysis solution, and anodization is performed by constant current, carrying out 
an optical exposure to a silicon surface from the opening 6. 

[0023]Here, in order that anodization may present isotropy, it goes on to a thickness 
direction, and also anodization is formed also in the direction (the direction of the 
surface) prolonged towards the direction of the surface of the undersurface of the 
dielectric film 3. Thereby, anodization advances also in the direction of the surface 
only the same distance as the depth (thickness a) in which anodization advances. 
[0024]Here, if the surface of a silicon substrate (substrate 1) is a flat surface as 
shown in drawing 8 , the distance (henceforth the surface distance b) by which 
anodization is carried out in contact with the thickness a and the dielectric film 3 of 
the porous silicon layer 4 will become almost equal (a=b) (if the heights 1 1 are not 
formed). Here, if the end in the interface of the porous silicon layer 4 and the 
dielectric film 3 which anodization is performed and are produced in this drawing 8 and 
the following explanation is expressed as the porous silicon layer end 33 and explained, 
the surface distance b will be defined as the distance b from the opening edge 31 to 
the porous silicon layer end 33. 

[0025]If the electron emission element which attaches the thin film electrode 5 from 
the composition of such drawing 8 , and is shown in drawing 7 is formed, the fault that 
pressure-proofing of the direction of the surface becomes low compared with 
pressure-proofing of a thickness direction may produce the pressure-proofing 
between the substrate 1 and the thin film electrode 5. It is thought that this cause is 
for the portion and reaction of others [ discontinuous part ] to differ from each other 
at the time of anodization treatment since the crystallinity of a silicon surface is 



discontinuous, and for membraneous quality to change. 

[0026]If the distance (henceforth the upper wall distance b1) from which the upper 
wall 11a from the open end 31 to the heights edge 32 is insulated is set up here 
smaller (a>b1) than the optimal thickness a as shown in drawing 2 , the distance a1 
from the opening edge 31 to the porous silicon layer end 33 — the thickness a and 
abbreviation — since it becomes equal, anodization turns around the heights edge 32 
from the opening edge 31, and advances in accordance with the side attachment wall 
11b. If the distance (henceforth the side-attachment-wall distance c1) from the 
heights edge 32 to the porous silicon layer end 33 sets up smaller than the level 
difference (distance from the heights edge 32 to the surface 1a) c of heights, the 
porous silicon layer end 33 will be formed in accordance with the side attachment wall 
11b. Thereby, in this drawing 2 , the surface distance b defined by the distance from 
the opening edge 31 to the porous silicon layer end 33 serves as the sum (b=b1+d) of 
the upper wall distance b1 and the side-attachment-wall distance c1, and becomes 
longer than the thickness a. 

[0027]In this case, in the electron emission element provided with the heights 1 1 
shown in drawing 1 or drawing 2 , the surface distance b of the porous silicon layer 4 
formed under the dielectric film 3 becomes long compared with the electron emission 
element shown in drawing 8 , and pressure-proofing between the substrate 1 and the 
thin film electrode 5 increases. 

[0028]That is, the improvement in resisting pressure of an electron emission element 
is expected by filling a>b1 and a<=c in each of the thickness a of the porous silicon 
layer 4, the upper wall distance bl, and the heights level difference c. It becomes 
possible by setting up in this way to improve the flexibility of a design of the 
improvement in resisting pressure of an electric charge emission element and the 
thickness of a porous silicon layer which it is stabilized, is efficient and can emit 
electrons. 

[0029]According to the electrification unit which has such an electron emission 
element. For example, like the electrification unit written in the application-for-patent 
No. 07651 1 [ 2000 to ] specification, and the electrophotography device using this, 
Electrification which does not generate discharge products, such as ozone, at all is 
attained, and it becomes possible to apply to the image recorder which has an 
electrifying device of image recorders, such as a copying machine, a printer, and a 
facsimile, and an electrifying device. 

[0030]The mechanism of the electron emission of this electron emission element is 
shown in drawing 5 and drawing 6 . As shown in this drawing 5 , the electron near [ in 



the semiconductor in a porous silicon layer ] the Fermi level penetrates a potential 
barrier according to tunneling, and is poured in to an insulation layer. This is high 
resistance, since the big electric potential gradient has arisen, it is accelerated there, 
and is poured in to the conductor of a thin film electrode, and serves as a hot electron. 
In order for this electric potential gradient to contribute to the energy of electron 
emission, as for the thickness of an insulation layer, below a predetermined value 
needs to carry out, and it is necessary to make impressed electromotive force beyond 
a predetermined value. 

[0031]Generally more than it of the thickness of an insulation layer is required for less 
than it and impressed electromotive force from about 10V from about several 
micrometers. What has the energy more than the work function phi of the thin film 
electrode 5 among the hot electrons generated inside these elements tunnels this 
electrode, has predetermined kinetic energy in the element exterior, and is emitted to 
it. This thin film electrode needs to form by the thickness of the range which does not 
prevent an electron from tunneling, and is generally tens of nm or less. 
[0032]As shown in drawing 6 , in silicon (semiconductor material), two or more fine 
structures which consist of a silicon oxide layer as the silicon (Si) layer and insulation 
layer as a semiconductor layer are formed. In this case, in order that an electron may 
tunnel the inside of this fine structure many times, electronic drift length is extended 
and it is thought that an electron hot-electron-izes and is emitted outside easily. This 
phenomenon is forming the porosity semiconductor layer (porous silicon layer 4) of nm 
order in that surface, and it is supposed that an electron emission characteristic 
improves it by leaps and bounds by multi stage story acceleration of such an electron 
so that it may be represented by porous silicon. 

[Shape of heights] In an above embodiment, although not touched by the details of the 
shape of heights, it becomes possible by designing the shape of heights the optimal to 
improve pressure-proofing of the direction of the surface. 

[0033]In drawing 2 , the distance (surface distance) to the porous silicon layer end 33 
from a1 and the opening edge 31 for the distance from a and the open end 31 to the 
porous silicon layer end 33 b, [ the thickness of the porous silicon layer 4 ] The level 
difference (distance from the heights edge 32 to the surface 1a) of b1 and heights for 
the upper wall distance from the open end 31 to the heights edge 32 c, The angle 
(erosion angle) of the straight line which goes the side-attachment-wall distance from 
the heights edge 32 to the porous silicon layer end 33 to the porous silicon layer end 
33 from c1 and the opening edge 31, and the upper wall side 1 1a of the heights 1 1 to 
make theta, If the angle (set-up angle) of the side attachment wall 1 1b of the heights 



1 1 and the surface 1 a of the substrate 1 to make is set to thetad, the thickness a, the 
distance a1, the surface distance b, the upper wall distance b1, the heights level 
difference c, the side-attachment-wall distance d, and the erosion angle theta fulfill 
the following conditions. 

[0034]a=a1 a>b1 a<=cb=b1+d theta=cos ^xal/b^cos^xa/blcl^sin thetaxa 1 =sin 
thetaxa — this time — the ratio of the surface distance b and the thickness a — that 
b/a=(b1+d)/a becomes the maximum is a case where the erosion angle theta is 45 
degrees. By that is, the thing set up so that a<=c may be filled and an erosion angle 
may be 45 degrees (b1=axsin45") from the opening edge 31 about the upper wall 
distance b1 to the heights edge 32, if the optimum thicknesses a of the porous silicon 
layer 4 are set up. The surface distance b (=b1+c1) serves as about 1.4 times and the 
maximum of the thickness a of the porous silicon layer 4, and pressure-proofing also 
serves as the maximum. 

[0035]Next, if set-up angle thetad is shaken to thetad! (obtuse angle) to thetad2 
(right-angled), and thetad3 (obtuse angle) where the upper wall distance b1 is fixed as 
shown in drawing 3 , Since the point (porous silicon layer end 33) which touches the 
insulation film 3 changes the porous silicon layer 4 to 331-333 according to the 
set-up angle thetad 1 to thetad3, the side-attachment-wall distance c1 increases 
from c11 to c13. That is, it turns out that the length of the side-attachment-wall 
distance c33 becomes easy [ securing increase and its part pressure-proofing ], so 
that set-up angle thetad becomes an acute angle (thetad3). 

[0036]Here, if set-up angle thetad shall be 60 degrees, as shown in drawing 4 , the 
distance a1 (= thickness a) from the open end 31 to the porous silicon layer end 33, 
the upper wall distance b1, and the side-attachment-wall distance c1 can set it as a 
respectively equal equilateral triangle, the ratio of the thickness a of the porous silicon 
layer 4 in this case to the surface distance b (=b1+d) — b/a=(b1+d)/a is set to 2 
and it becomes possible to secure sufficient pressure-proofing. 

[0037]In order to make the heights 1 1 from such set-up angle thetad to the substrate 
1, it is possible to produce by using the anisotropic etching of dry etching (RIE etc.). 
For example, etching gas can be made into mixed gas, such as SF 6 +CCI 4 (carbon 
tetrachloride), and set-up angle thetad can be processed into an acute angle and an 
obtuse angle by changing the gas ratio. If it is considered as the mixed gas of 
SF 6 :CCI 4 =27:3 (volume ratio) and etches by RF power 300W, set-up angle thetad will 
become almost vertical, but if the flow of CCI 4 is reduced, set-up angle thetad 
becomes an acute angle. It is possible to process set-up angle thetad into arbitrary 
angles because this chooses a gas mass flow ratio. 



[0038]Thereby t by filling a>=b1, thetad=60 degree - 90 degrees of abbreviation, the 
optimal thickness a and the upper wall distance b1 of the porous silicon layer 4, and 
set-up angle thetad can take the surface distance b long enough, and can secure the 
part pressure-proofing. 
[0039] 

[Work example 2]In this exiample 2, the substrate 1 (substrate of a silicon substrate / 
polysilicon composition) which is from the silicon which has a polysilicon layer on a 
surface side is used. The polysilicon layer of this substrate 1 is processed into a 
convex shape, the heights 1 1 are surrounded with the dielectric film 3, and the 
opening 6 is formed in the portion as which that dielectric film 3 was chosen. Since 
this opening 6 serves as a window for anodizing, it is produced by suitable design. 
[0040]letting the opening 6 by which the opening was carried out to the dielectric film 
3 pass — a polysilicon layer (heights 11) — anodization — it oxidizes and the porosity 
polysilicon layer 4 is formed in these heights 11. Here, since the rear face of this 
substrate 1 serves as an electrode, it is necessary to make resistivity small, but the 
resistivity of polysilicon used as the porosity polysilicon layer 4 needs to use suitable 
resistance from the relation of the current-pressure, value at the time of anodization. 
[0041]according to this example 2, it becomes the substrate 1 of resistivity boiled 
mutually, respectively by using the substrate of a silicon substrate / polysilicon 
composition, and it becomes possible to raise the efficiency of an electric charge 
emission element. Also in the electric charge emission element of such composition, 
since pressure-proofing between the substrate 1 and the thin film electrode 5 is 
securable by providing heights, it becomes possible to realize an electric charge 
emission element with high efficiency. 
[0042] 

[Work example 3]In this example 3, the substrate face (polysilicon surface) of 
composition of consisting of an insulating substrate / a rear electrode / polysilicon is 
processed into a convex shape, heights are surrounded with the dielectric film 3, and 
the dielectric film 3 has the structure where the opening 6 is formed in the selected 
portion. Since this opening 6 serves as a window for anodizing, it is produced by 
suitable design. 

[0043]A polysilicon part is given to anodization and oxidation through the opening 6 by 
which the opening was carried out to the dielectric film 3, and the porosity polysilicon 
layer 4 is formed. 

[0044]It becomes possible to attain large areaHzation by having such composition, for 
example, to also produce the thing corresponding to the A4 version or the A3 version 



by one. 

[0045]Also in the electron emission element of such composition, since 
pressure-proofing between a rear electrode and a thin film electrode is securable by 
providing heights, it becomes possible to realize an electron emission element with 
high efficiency. 
[0046] 

[Work example 4]This example is an example which forms the dielectric film 3 with 
polymer resin. It is insoluble to acid or an organic solvent, and adhesion with silicon is 
size, the insulating pressure-proofing of the characteristic for which the dielectric film 
3 is asked is high, and what has few degradation with the passage of time is good. 
[0047]That etc. by which such polymer resin gave photosensitivity to polyimide resin, 
for example like Foto Nice (trade name: Toray Industries) are mentioned. Since 
photosensitive polyimide resin can be patterned according to a photolitho step, mass 
production nature is excellent. Polyimide resin is used also as a passivation film of a 
semiconductor chip, and since it can prevent osmosis of moisture, etc., it can prevent 
degradation of an element. 

[0048]Below, an example of a manufacturing method is shown. 
[0049] 1. Produce heights to a silicon substrate. 

[0050]2. Apply polymer resin and open the window which becomes the portion which 
the heights 1 1 chose from the opening 6 by using the circumference as the insulation 
film 3. 

[0051 ]3. Perform anode-izing and oxidation from a window and produce the porous 
silicon layer 4. 

[0052]4. Carry out thin film electrode formation at the opening 6. 

[0053]5. Form the rear electrode 2 in the rear face of a substrate. 

[0054]Although the process of 1-5 is a process of making a silicon substrate into the 

porous silicon layer 4, when it is large areaHzation, the formation processes of the 

rear electrode of 5. only differ, and other processes can be performed similarly. 

[0055]Thus, since an application process can use spinner spreading and spray coating 

if the dielectric film 3 is used as polymer resin, a thing [ acute angle / as shown in 

drawing 4 / the bottom of heights and the angle (set-up angle) of a side attachment 

wall ] can also form the good dielectric film 3 of covering nature. 

[0056] 

[Work example 5]This example 5 is an example which used the dielectric film 3 as one 
film of silicon oxide, a silicon nitride film, a silicon oxidation nitride, and a tantalum 
oxide film. 



[0057]When using polymer resin as the dielectric film 3, since the temperature applied 
to the dielectric film 3 is at most about 400 **, it can use only oxidation by a chemical 
method for oxidation after an anode chemically-modified degree. Other oxidation 
methods include rapid thermal oxidation (RTO:Rapid Thermal Oxidation), and, as for 
this rapid thermal oxidation, oxidation under the temperature of 900 ** - about 1000 
** is performed. 

[0058]It becomes the dielectric film 3 which can bear the dielectric film 3 also at such 
high temperature by having considered it as one film of silicon oxide, a silicon nitride 
film, a silicon oxidation nitride, and a tantalum oxide film. Since these dielectric films 3 
can be formed by each by weld slag, set-up angle thetad of the bottom of heights and 
a side attachment wall as shown in drawing 4 becomes the dielectric film 3 also with 
an acute angle thing sufficient [ covering nature ]. 

[0059]The electron emission element formed of the above is applicable to the 
electrification unit of image forming devices, such as an electrophotography device. 
Since this electrification unit is smaller than electrifying devices, such as a corotron 
electrifying device, a scorotron electrifying device or a roller electrifying device, and a 
brush electrifying device (especially thickness can be made thin), miniaturization of 
the electrophotography device itself is realizable by using such an electrification unit 
for electrification of a photo conductor. 

[0060]Since it becomes possible since electrifying efficiency is high as compared with 
other electrifying devices to also make a power supply small, it becomes possible to 
realize low costHzation. Since neither ozone nor NOx is generated, it not only does 
not have the bad influence on a human body, but it can provide an electrophotography 
device automatically gentle to. 
[0061] 

[Effect of the Invention]According to the invention according to claim 1, a silicon 
surface is processed into a convex configuration and heights are surrounded with a 
dielectric film, The dielectric film has the structure where the opening is provided in 
the portion as which heights were chosen, and since a porous silicon layer is formed 
by anodization from an opening, it can improve the flexibility of a design while 
pressure-proofing of the direction of the surface of a porous silicon layer is secured. 
[0062]According to the invention according to claim 2, the porous silicon layer 
according to claim 1 can be formed by anodization from the silicon or polysilicon on 
said surface of an opening. 

[0063]According to the invention according to claim 3, the substrate according to 
claim 2, **. [ whether said polysilicon is processed into the convex configuration in the 



silicon substrate which the silicon surface is processed into the convex configuration, 
or polysilicon deposited on ** surface, and ] Or that by which said polysilicon is 
processed into the convex configuration in the substrate which a rear electrode and 
polysilicon deposited on ** insulating substrate can be used. 

[0064] When the level difference of b1 and heights is set to c for the distance of the 
porous silicon layer covered in the thickness of the porous silicon layer with said 
dielectric film from the edge of a and an opening to the edge of heights according to 
the invention according to claim 4, By having considered it as the electron emission 
element according to claim 1 to 3 which is filling a>b1 and a<=c, while 
pressure-proofing of the direction of the surface of a porous silicon layer is secured, 
the flexibility of a design can be improved. 

[0065]When the level difference of b1 and heights is set to c for the distance of the 
porous silicon layer covered in the thickness of the porous silicon layer with said 
dielectric film from the edge of a and an opening to the edge of heights according to 
the invention according to claim 5, By having considered it as the electron emission 
element according to claim 1 to 3 which is filling b1=axsin45" and a<=c r while 
pressure-proofing of the direction of the surface of a porous silicon layer is secured, 
the flexibility of a design can be improved. 

[0066] When the bottom of b1 and heights and the angle of a side attachment wall are 
set to thetad for the distance of the porous silicon layer covered in the thickness of 
the porous silicon layer with said dielectric film from the edge of a and an opening to 
the edge of heights according to the invention according to claim 6, a>=b1 , thetad = by 
having considered it as the electron emission element according to claim 1 to 4 which 
is filling 60 degrees - 90 degrees of abbreviation, while pressure-proofing of the 
direction of the surface of a porous silicon layer is secured, the flexibility of a design 
can be improved. 

[0067]According to the invention according to claim 7, since it is the electron 
emission element according to claim 1 to 6 which consists of polymer resin, a 
dielectric film is excellent in the deterioration prevention of an element, and it fits 
mass production nature. 

[0068]According to the invention according to claim 8, since the dielectric film can 
improve heat resistance by having considered it as the electron emission element 
according to claim 1 to 6 which consists of silicon oxide, a silicon nitride film, a silicon 
oxidation nitride, or a tantalum oxide film, it can increase the selected finger of the 
oxidation technique. 

[0069]According to the invention according to claim 9, by having considered it as the 



image forming device using the electron emission element according to claim 1 to 8 as 
an electrifying device, since the miniaturization of a device is realizable and ozone and 
NOx do not occur, an image forming device gentle to nature can be provided. 
[Brief Description of the Drawings] 

[Drawing IjDrawing 1 (a) - (c) is a figure explaining the composition of the electron 
emission element concerning an embodiment of the invention. 

[Drawing 2] It is the elements on larger scale explaining the composition of the 

electron emission element concerning an embodiment of the invention. 

[Drawing 3] It is the elements on larger scale explaining the porous silicon layer of the 

electron emission element concerning an embodiment of the invention. 

[Drawing 4] It is the elements on larger scale explaining the porous silicon layer of the 

electron emission element concerning an embodiment of the invention. 

[Drawing 5] It is a figure explaining the electron emission mechanism of the electron 

emission element concerning an embodiment of the invention. 

[Drawing 6] It is a figure explaining the electron emission mechanism of the electron 
emission element concerning an embodiment of the invention. 

[Drawing 7] It is a figure explaining the composition of the electron emission element 
which is compared. 

[Drawing 8] It is the elements on larger scale explaining the porous silicon layer of the 
electron emission element of drawing 7 . 
[Description of Notations] 

1 Substrate (silicon substrate) 
1a Surface 

2 Rear electrode 

3 Dielectric film 

4 Porous silicon layer 

5 Thin film electrode 

6 Opening (window for anodization) 
11 Heights 

11b Side attachment wall 

31 Opening edge 

32 Heights edge 

33 Porous silicon layer end 
a (=a1) Thickness 

b Surface distance 
b1 Upper wall distance 



c Heights level difference 

c1 Side-attachment-wall distance 

theta Erosion angle 

thetad Set-up angle 
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